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ABSTRACT
SCALE UP OF ETHANOL PRODUCTION USING PULP MILL WASTEWATER SLUDGE BY
CELLULASE AND SACCHAROMYCES CEREVISIAE. This studyaimedtoevaluatethepotentialuseof
pulp mill wastewatersludge as substratein ethanolproduction.The simultaneoussaccharificationand
fermentationprocesswasconductedbyusingSaccharomycescerevisiaeTISTR 5339underoptimumproportion
of cellulaseandpulpmill wastewatersludge.The ethanolproductionfromcellulosicmaterialsin simultaneous
saccharificationand fermentationneedscooperationbetweencellulaseandyeast.The cellulasehydrolyzes
cellulosetosugarwhileyeastutilizessugartoproduceethanol.The pulpmill wastewatersludgehasanaverage
contentof73.3% hemicellulose,67.1%alphacellulose,4.7%betacelluloseand1.4%grammacellulose.The
experimentalresultsindicatedthatthevolumeoftheethanoltendto increasewithtime,providingthemaximum
ethanolyield of 0.69gig on the7th day,thelastdayof theexperiment.The ethanolproductionwasscaledup
in 5 L fermentorunderoptimumproportionand increasedthe fermentationperiod. It was found thatthe
ethanol production gave the maximumethanolyield of 1.14 gig on the 9th day of the totally 13 days
experimentation.Theseresultsshowedthatthecellulosefrompulp mill wastewatersludgewasaseffective
substratefor ethanolproductionandalternativeenergyfor thefuture.
Keywords: Pulp mill wastewatersludge,Cellulase,Saccharomycescerevisiae,Saccharification,Simultaneous
fermentation
ABSTRAK
SCALE UP PRODUKSI ETANOL MENGGUNAKAN LUMPUR AIR LIMBAH PULP MILL
DENGAN SELULASE DAN SACCHAROMYCESCEREVISIAE. Percobaaninibertujuanuntukmengevaluasi
potensipenggunaanlumpurairIimbahpulpmillsebagaibahanproduksietanol.Prosessakarifikasidanfermentasi
simultantelahdilakukanmenggunakanSaccharomycescerevisiaeTISTR 5339dalamperbandinganyangoptimum
antaraselulasedan lumpurair Iimbahpulp mill. Produksietanoldari bahanselulasedalamsakarifikasidan
fermentasisimultanbergantungpadaselulasedanragi.Selulasemenghidrolisiselulosamenjadigulaselanjutnya
membentuketanoldenganbantuanragi. Lumpur air Iimbahpulp mill memiliki kandunganhemiselulosa
73,3%berat,alfaselulosa67,I %berat,betaselulosa4,7%beratdangammaselulosa1,4%berat.Hasilpercobaan
menunjukkanbahwavolumeetanolcenderungmeningkatseiringdenganwaktudanmaksimumhasiletanol
sebesar0,69gigpadaharike7yangmerupakanhariterakhirpercobaan.Produksietanoltelahdi scaleupdalam
fermentor5L, denganperbandinganoptimaldanpeningkatanwaktufermentasi.Hasilnyamenunjukkanbahwa
produksietanolsebesar1,14gig padahari ke 9 dari total 13hari percobaan.Hasil ini menunjukkanbahwa
selulosadan lumpurair Iimbahpulp mill merupakansubstratyangefektif untuk memproduksietanoldan
merupakanenergialternatifpadamasamendatang.
Katakunci: Lumpurair Iimbahpulpmill,Selulase,Saccharomycescerevisiae,Sakarifikasi,Fermentasisimultan
INTRODUCTION
Due to the rising gasoline prices and constant
conflicts in the oil-supply region of the world, and
depletion offossil fuels, the utilization ofbioethanol as
analternativefuel hasattracteda lot of attentionbecause
it results to zero net carbon dioxide output into
atmosphere[I]. The raw materialsusedin theproduction
of ethanol as renewable energy are mostly starch and
sugar although cellulosic substrates provide cheaper
raw materials for bioethanol production. CelIulosic
materials are comprised of lignin, hemicellulose and
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Figure 1. Wastewatertreatmentprocess and sampling
point
celluloseandarethussometimescalledlignocellulosic
materials.Pulpmill wastewatersludgeis asolidresidue
frompaperpulp industry.It constituteslargeamounts
of cellulose.Its residuesare usually disposedof in
landfills,or subjectedto incinerationafterdewatering
whichhasa significantcost-increasingfactoron paper
production[2].This researchstudiedtheproductionof
ethanolby using cellulose from paper pulp factory
throughthejoint operationof cellulaseandyeast.The
cellulasewill decomposethecellulosetosugar,andyeast
will transformthe sugarto ethanol [3]. Glycolysis
procedurecan be presentedas chemicalequationto
showthetransformationof glucoseto alcoholasshown
inEquation(I).
C6H.P6--+2CzHPH + 2COz ..•......•....... (1)
Glucose EthylAlcohol Carbondioxide
The findingtromthisresearchcanbeutilizedto
improve the process and to yield data for future
scaleup.
EXPERIMENTAL METHOD
Methods
Thevolumetricanalysisof cellulosetromthepulp
mill wastewatersludge obtained from wastewater
treatmentprocesstrom paperpulp industryby using
standardprotocolof TAPPI (TechnicalAssociationof
thePulp andPaperIndustry).
Preparationof Inocula
Saccharomycescerevisiae TISTR 5339 was
transferredfrom yeast-maltextractagar (YMA) to
yeast-maltextractbroth(YMB) andculturedat room
temperaturefor24hrtoproduceyeastcellssuspension.
Opticaldensity(aD) wasmeasuredon theyeastcells
by usinga spectrophotometerat 600 nm to havethe
value of 0.6 and used as inoculums for ethanol
production.
The ethanol production by simultaneous
saccharificationand fermentationwas conductedin
250mLflaskand5L fermentor.
In 250mL flask: Celluloseswastransformedto
sugaralongwith yeastfermentationby sterilizingthe
pulpmill wastewatersludgein anautoclaveat 121°C
for 15minutes.Cellulasewasthenaddedatappropriate
proportiontogivethemaximumamountof sugarin the
250 mL flask which containedyeastmalt extractof
100mL, andaddedyeastcells suspensionwhichhad
beenmeasuredbyspectrophotometerat600nmandhad
thevalueof0.6of5 mL (5% innoculum)inordertouse
as inoculum[4].After that,theproductwasshakenat
120rpmfor7 days.Sampleswerecollectedonthe1st,3'd,
5th and 7th day. The ethanol volume was measured,
sampleswerethenfilteredthrougha0.45Ilmmembrane
filterbeforeinjectiontogaschromatography(Shimadzu,
modelGC-7AC).
Materials
Table 1. Ethanol production in flask scale
Microorganism
SaccharomycescerevisiaeTISTR 5339 from
Thailand Institute of Scientific and Technological
Researchwasusedfor fermentation.
Fermentation
time(day)
I
3
5
7
Ethanol
(gll)
4.73
5.52
6.94
7.26
Ethanol Yield
(gig)
0.44
0.55
0.64
0.69
Accumulationof
sugar(mglmL)
4.15
4.90
4.15
4.52
8 . " 6
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Figure2. Ethanolproductionand accumulationof sugar
in 250 mL flask
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Substrates
Pulp mill wastewatersludgecollectedfrom a
paperpulp plant in Prachinburi province was used
asrawmaterialsin theethanolproduction.The sludge
was grey white in color with the sizes between
0.2-0.5centimeters.The sampleswerecollectedafter
sludgepressingprocessasshownin Figure I.
Enzyme
Commercial cellulase enzymesolution from
TrichodermareeseiATCC 26921(cellulase50mL,Sigma)
wasemployedfor saccharification.
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Table 1. Ethanol production in 5L fermentor
Fermentation
time(day)
I
3
5
7
9
II
13
Ethanol
(gII)
5.84
6.63
7.34
8.68
9.15
8.92
8.36
EthanolYield
(gig)
0.52
0.78
0.80
0.84
1.14
0.75
0.71
Accumulationof
sugar(mglmL)
6.14
8.87
8.14
6.96
9.31
5.35
5.59
volume also increased.The resultsobtainedon the
productionof ethanolwere in agreementwith earlier
studybyPremjetet.al.[5]onethanolproductionbyusing
papermulberryin the simultaneoussaccharification
and fermentationprocessalong with cellulasefrom
mixedculturesof Penicilliumsp. andCandidakrusei
NBRC 1664.They found that the ethanolvolume
increasedcontinuallyduring fermentation,giving the
maximumethanolyieldof0.0I09(gig).
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Figure 3. Ethanol productionand accumulationof sugar
in 5 L fermentor
In 5 L fermentor:An experimentwasperformed
at themostappropriateaforementionedconditionby
usinga5 L fermentorandperforming3.5L of working
volumewithpropellerspeedof 50rpm.Theexperiment
wasperformedfor 13days,sampleswerecollectedon
the1st, 3'd,5'11,7th,9'11,1thand13thday.Thevolumeof the
ethanolwasmeasuredby gaschromatography.
RESULTS AND DISCUSSION
Thesludgefromwastewaterofpaperpulpfactory
containedcellulosewhich consistedof hemicellulose,
alphacellulose,betacelluloseand gammacellulose
of 73.3%,67.1%,4.7% and 1.4%respectively.The
1:15(mLofenzyme/gramsofdriedsludge)wasthemost
suitable proportion for ethanol production which
providedthelargestamountof sugarcomparingtoother
proportionattheamountof33.99mglmL.
EthanolProductionin250mL Flask
The experimentationperformedby using the
proportionat1: 15(mLofenzyme/gramsofdriedsludge)
providedthehighestyieldof sugarforthesimultaneous
saccharificationand fermentationprocessin ethanol
production.The volumeof theethanoltendto increase
with time, providing the maximumethanolyield of
0.69(gig)onthe7thday,thelastdayof theexperiment,
aslistedinTable1.Theparametersmeasuredweresugar
utilizationandethanolproductionasshowninFigure2.
Therewas a slight accumulationof sugarduringthe
period when comparing with the initial sugar
(33.99mglmL).Regardingthesugarutilizationbyyeast,
as the fermentationperiodwas increased,theethanol
EthanolProductionin5L Fermentor
The process was scaled up by using the
proportionat1:15(mLofenzyme/gramsofdriedsludge),
which providedthe mostsugarfor the simultaneous
saccharificationandfermentationi the5L fermentor.It
wasfoundthattheethanolvolumeincreasedwithtime.
Theethanolproductiongavemaximumethanolyieldof
1.14 (g/g), on the 9'hday of the totally 13 days
experimentation,asdetailedinTable2andtheparameters
measuredweresugarutilizationandethanolproduction
asshownin Figure3.
CONCLUSION
Wastewatersludge leftover from paperpulp
manufacturingindustrycontained73.3%hemicellulose.
Sincethesubstanceswerepolymericglucose,it could
be used as raw material in ethanol production
process.Theresultsofboththe250mL flaskandthe5L
fermentor of simultaneous saccharification and
fermentationrevealed that the volume of ethanol
produced increasedas time passedand it gavethe
maximumethanolyieldat1.14(gig)in5L fermentor.The
ethanolproductionin the5 L fermentorworkedmuch
betterthaninthe250mL flask.
ACKNOWLEDGMENT
This researchwas supportedfinanciallyby the
90'hAnniversaryof ChulalongkomUniversity Fund
(RatchadaphiseksomphotEndowment Fund). The
authors would like to thank the Department of
EnvironmentalEngineering,ChulalongkomUniversity
for thesupportin equipmentsandresearchfacilities.
REFERENCES
[1]. E. ARAQUE, C. PARRA, J. FREER, D.
CONTRERAS,1.RODRIGUEZ,R.MENDONC and
J. BAEZA, Enzymeand Microbial Technology,
43(Issue2)(2008)214-219
[2]. Z. KADAR, Z. SZENGYEL and K. RECZEY,
IndustrialCropsandProducts,20(Issue1)(2004)
103-110
[3]. N. LARK, Y. XIA, c.G. QIN, C.S. GONG and
GT.TSAO, KluveromycesMarlianus,12(2)(1997)
135-143
3
Jurnal SainsMateriIndonesia
IndonesianJournal ofMaterialsScience
D.J. LALOR, T. SCHNYDER, V. SARIDAKIS,
D.E. PILLOFF, A. DONG, H. TANG, T.S. LEYH
andE.F.PAl, ProteinEngineering,16(12)(2003)
1071-1079
[4].
SpecialEditiononMaterialsfor EnergyandDevice2010,page: I - 4
ISSN: 1411-1098
[5]. S. PREMJET, B. PUMIRA and D. PREMJET,
Ethanol Production with Paper Mulberry by
SimultaneousSaccharificationandFermentation,
Article in 3rd Conferenceon EnergyNetworkof
Thailand,(2007)
4
